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between the three CTs (2x PET/CT and planning CT) were 
performed using the optical flow uni-modality deformation 
algorithm of Mirada RTx (version 1.6.2, Mirada Medical, 
Oxford, UK). Based on the CT information two region of 
interest (ROI) were defined: Body (only extracranial region) 
and bone marrow “BM” (using auto-thresholding followed by 
manual exclusion of CT contrast agents). Each non-CT 
modality were resampled to match the preRT-PET ROI 
statistics of original and resampled dataset were compared. 
Voxel-based data were extracted for each patient dataset 
and heuristic programmatic statistical correlation were 
performed using Python (version 2.7). Sub-regions defined as 
followings: within/outside of irradiated region (voxels above/ 
below 1 Gy), active/non-active BM (above/below the preRT 
SUV average), and dose to absolute/relative volume of X Gy 
(where X represents any dose between 0 and 50 Gy). 
Correspondence between SUV changes and the dose were 
tested as well. All information was used to identify 
correlation with observed hematological toxicity (on 
logarithmical scale) with p<0.05 significance level. 
 
Results: The average number of voxel were 662.352 and 
50.652 for Body and BM. 70/75 parameters of original and 
resampled volumes were within +/- 0.1 g/ml or Gy and 
considered as clinically equivalent. PreRT and postRT SUV 
changes in function of delivered dose correlated significantly. 
For HGB no predictive value were identified. Absolute volume 
receiving at least 30 Gy of dose of the active BM determined 
nadir WBC (p = 0.033) and nadir ANC (p = 0.014) (see Figure 
1), while total BM only correlated with nadir WBC (p=0.041). 
Nadir PLT was determined by preRT SUV of the irradiated 
(>1Gy) active BM and the slope of the SUV changes between 
preRT and postRT SUV.  
 
 
 
Conclusion: Active and total bone marrow region receiving at 
least 30 Gy should be monitored to reduce possible 
hematological toxicity. Voxel-based evaluation of functional 
imaging with dose information is a valuable option especially 
in combination with programmatic heuristic statistical 
testing.  
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Purpose or Objective: Intravoxel incoherent motion (IVIM) 
MRI provides simultaneous estimates of both, perfusion and 
diffusion traits of tissue. In standard algorithms, a fixed 
threshold is set to separate the perfusion from the diffusion 
component of the MR signal acquired. This fixed threshold 
does not account for potential differences between tissue 
types or for a variation of the perfusion component induced 
by a pathological condition. In this study, the validity of a 
novel multi-step parameter-free IVIM algorithm independent 
on a priori assumptions was tested in a cohort of brain tumor 
patients and compared to arterial spin labeling (ASL) 
measurements. 
 
Material and Methods: Six patients with malignant brain 
tumors grade III-IV (glioblastoma n=3, anaplastic astrocytoma 
n=3) have been included in this prospective study. Patients 
underwent a single MR examination comprising morphological 
imaging, diffusion weighted imaging for IVIM and 
pseudocontinous arterial spin labeling (pCASL) for estimation 
of the cerebral blood flow (CBF). The diffusion coefficient 
(DC), perfusion fraction (fp) and pseudo-diffusion coefficient 
(D*) were computed pixel-wise using a multi-step parameter-
free algorithm for IVIM. Regions-of-Interest (RoIs) were drawn 
over tumor areas, necrotic regions, edema, and gray matter. 
Spearman correlation was used to evaluate the correlation 
between the different parameters. 
 
Results: In all patients, adequate image quality of IVIM 
datasets allowed for the pixel-wise computation of the 
perfusion and diffusion maps in good quality. Quantitative 
ASL perfusion values were in the order of 60 ml/100g/min, 
and tumor and perifocal edema slightly lower (Table 1). The 
statistical evaluation of the RoI analysis showed that CBF 
positively correlates with the perfusion-dependent IVIM 
parameter D* (rho CBF vs. D*: 0.574) and the product fp*DC 
(rho CBF vs fp*D*: 0.432). A slightly negative correlation 
between CBF and DC (-0.424) and CBF and fp (-0.217) was 
found. 
 
 
 
Conclusion: Perfusion-related IVIM parameters correlated 
well with tissue perfusion measured by ASL. The new 
parameter-free algorithm for IVIM seems therefore to be 
reliable for perfusion measurements in brain tumor patients. 
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Purpose or Objective: Atlas-based autosegmentation is an 
established tool for segmenting structures for CT-planned 
head and neck radiotherapy. MRI is being increasingly 
integrated into the planning process. The aim of this study is 
to assess the feasibility of MRI-based atlas-based 
autosegmentation for organs-at-risk (OAR) and lymph node 
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levels, and to compare the segmentation accuracy with CT-
based autosegmentation. 
 
Material and Methods: 14 patients with locally advanced 
head and neck cancer in a prospective imaging study 
underwent a T1-weighted MRI and a PET-CT (with dedicated 
contrast-enhanced CT) in an immobilisation mask. Organs at 
risk (orbits, parotids, brainstem and spinal cord) and the left 
level II lymph node region were manually delineated on the 
CT and MRI separately. A ‘leave one out’ approach was used 
to automatically segment structures onto the remaining 
images separately for CT and MRI. Contour comparison was 
performed using multiple positional metrics: Dice index, 
mean distance to conformity (MDC), sensitivity index (Se Idx) 
and inclusion index (In Idx).  
 
Results: Figure 1 illustrates example manual and 
autocontours generated on the CT and MRI scans. Automatic 
segmentation using MRI of orbits, parotids, brainstem and 
lymph node level was acceptable with a DICE coefficient of 
0.73-0.91, MDC 2.0-5.1mm Se Idx. 0.64-0.93, In Idx 0.76-
0.93. Segmentation of the spinal cord was poor (Dice 
coefficient 0.37). The process of automatic segmentation was 
significantly better on MRI compared to CT for orbits, parotid 
glands, brainstem and left lymph node level II by multiple 
positional metrics; spinal cord segmentation based on MRI 
was inferior compared with CT. 
 
 
Fig. 1 Example manual (red) and auto contours (blue) for the 
spinal cord as well as left and right parotids for patient 2. 
Top images are CT showing large dental artefacts and poor 
auto contours and bottom images are MRI showing more 
accurate auto contours. 
 
Conclusion: Accurate atlas-based automatic segmentation of 
OAR and lymph node levels is feasible using T1-MRI; 
segmentation of the spinal cord was found to be poor. 
Comparison with CT-based automatic segmentation suggests 
that the process is equally or more accurate using MRI. These 
results support further translation of MRI-based segmentation 
methodology into clinical practice. 
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Purpose or Objective: With the advent of MR guided 
radiotherapy, internal organ motion can be imaged 
simultaneously during treatment. The real time MRI is 
particularly advantageous for abdominal organs that typically 
show poor CT contrast. To use the images for motion 
adaptive radiotherapy, the MR images need to be segmented 
but manual segmentation of the data is not practical due to 
data volume and speed requirement. In this study, we 
evaluate the feasibility of pancreas MRI segmentation using 
state-of-the-art segmentation methods. 
 
Material and Methods: T2 weighted half-Fourier acquisition 
single-shot turbo spin-echo (HASTE), contrast free and 
contrasted T1 weighted 3D Fast Low Angle SHot (FLASH) 
Volumetric Interpolated Breath-hold Examination (VIBE) 
images were acquired on three patients and two healthy 
volunteers for a total of 12 imaging volumes. Four automated 
segmentation methods, including mean-shift merging (MSM), 
distance regularized level set (DRLS), graph cuts (GC) and 
dictionary learning (DL) methods were used to segment the 
pancreas. The segmentation results were compared to 
manual contours using Dice’s index (DI), Hausdorff distance 
and mean absolute surface distance (MASD). 
 
Results: All VIBE images were successfully segmented by at 
least one of the auto-segmentation method with DI >0.83 and 
MASD ≤2.4 mm using the best automated segmentation 
method. All automated segmentation methods failed in 
segmenting two HASTE images, showing >1 cm MASD. 
Hausdorff distance exceeding 1 cm is observed on most 
segmentation results, indicating mismatch in fine 
segmentation details. The use of contrast minimally improved 
the segmentation accuracy. DL is statistically superior to the 
other methods in Dice’s overlapping index (p<0.05). For the 
Hausdorff distance and MASD measurement, DRLS and DL 
performed slightly superior to the GC method, and 
substantially better than MSM. DL required least human 
supervision and was faster to compute.  
Figure shows 3D rendering of the pancreas contour based on 
(a) a HASTE image and (b) a VIBE image. The manual ground 
truth is shown in red, automated segmentation in green. 
 
 
